Six methods of decontamination each for the isolation of mycobacteria from soil and water were compared. On the basis of the results obtained. three of the six methods for soil and two of the six methods for water were further evaluated. For both soil and water samples, the method using 3% sodium lauryl sulfate in combination with 1% NaOH yielded more positives than the other methods.
Mycobacteria are characterized by their slow rate of growth and have longer generation times than many other bacteria (11). Thus, their isolation from environmental samples such as soil and water is more difficult because such samples are also rich in other microbial flora. Many methods have been reported by different workers for the isolation of mycobacteria from environmental samples such as soil and water (13) . A nonstringent method used for isolation could result in overgrowth of contaminants, while too stringent a method could result in loss of mycobacteria. Hence, a suitable method would be one which results in a higher number of positive samples along with a higher number of strains from each sample compared with other methods However, there are not many reports which have compared and evaluated the different methods available (10).
In this study, some of the available methods for processing and decontamination of soil and water samples for the isolation of mycobactetia have been compared and evaluated on the basis of the net number of positive samples and the number of strains obtained by each method.
Inoculation of processed samples. For all of the methods. 10 µl of the processed soil or water sample was inoculated into each of four slopes of Lowenstein-Jensen (LJ) medium and four slopes of Falkinham's selective medium (FSM) (5). Two slopes of each medium were incubated at 30°C; the other two were incubated at 37°C. The slopes were read weekly for 8 weeks. Acid fastness of all positive cultures was confirmed by Ziehl-Neelsen staining. When mixed growth of acid-fast bacilli (AFB) as discrete colonies occurred, individual colonies were picked and subcultured on LJ medium to obtain pure cultures. Where confluent mixed growth was obtained. a portion of the growth was streaked onto a 7H11 agar plate to obtain pure cultures. Cultures were considered positive with contamination where the growth consisted of both AFB and non-AFB as determined by Ziehl-Neelsen and Gram staining. Such cultures were decontaminated with 1% cetrimide (7) in an effort to retrieve them as pure cultures.
Basis of comparison. The net number of positive samples and the number of strains isolated by each method from the total number of samples tested formed the basis for comparison. taking into account those cultures which were initially obtained as positive with contamination but which were retrieved as positive following treatment with 1% cetrimide (7).
The number of strains isolated by each method was calculated on the basis of preliminary identification tests, which included smear by Ziehl-Neelsen staining, growth rate, colony morphology, and pigmentation. Kappa statistics, McNamer's test, and the χ 2 test were applied. wherever appropriate, for analysis.
Soil samples. Fifteen soil samples were collected for each of two sets of experiments from different sites within the Tuberculosis Research Centre campus, Madras. From each site, soil scraped up to a depth of 3 cm with a sterile trowel was collected into four sterile McCartney bottles (1). Soil samples each weighing 5 g, were suspended in duplicate in 20 ml of sterile 0.1% nutrient broth (Hi Media, Bombay, India), shaken manually for 60 s, and centrifuged at 1,000 rpm at room temperature for 10 min (Beckman model J-6B centrifuge). Portions of the supernatant were then processed by random allocation by Falkinham's method (1% NaOH, 2% NaOH, and 4% NaOH) (1), Engbaek's method (3% sodium lauryl sulfate [SLS], 1% NaOH), (2) and Gangadharam's method (1% cetrimide) (7). Two modifications of Falkinham's method (1) which employed 2% NaOH and 4% NaOH, respectively, were also tried. In addition, 4 g of soil, in duplicate, was taken and treated with 4% NaOH by the method of Reznikov and Leggo (4% NaOH) (12) . The highest net number of positive samples and the highest number of strains were obtained with Engbaek's method on LJ medium at 30°C (12/15; 21 strains) ( Table  1 ). This method also gave good results on LJ medium at 37°C (11/15; 18 strains). followed by the method of Reznikov and Leggo, on LJ medium at 30°C (11/15; 13 strains). As the methods of Engbaek and Reznikov and Leggo, both on LJ medium at 30°C gave good results for the net number of positive samples and the number of strains obtained, further evaluation of these two methods was conducted in a second set of experiments Though Faikinham's methods using 1% NaOH and 4% NaOH gave the same net number of positive samples on FSM at 37°C (10/15), the method using 4% NaOH was selected for further evaluation because it yielded more strains and fewer contaminations. even though the difference was not statistically significant (P > 0.2).
In the second set of experiments, the best results were obtained with Engbaek's method (15/15; 20 strains) as cornpared with Reznikov and Leggo's method (8/15: 8 strains) (Table 1) , the difference being statistically significant (McNamer's χ 2 = 5.14, P = 0.03). However, the comparison of Engbaek's method with Falkinham's method on FSM at 37°C showed that the difference between these two methods was not statistically significant (McNamer's χ 2 = 3.2, P = 0.07).
Water samples. Thirteen samples of water were collected for the first set of experiments and 15 samples were collected for (°C) Before After strains cetrimide cetrimide isolated treatment treatment the second set from taps, wells, and water coolers at different sites within the city of Madras. From each site, water was collected into sterile 20-oz (1 oz = 28.350 g) screw-capped glass bottle protected from light. All samples were processed within 3 h of the time of collection (4). Two aliquots of each sample were treated by Falkinham's method (4) using 3% NaOH and 8% NaOH, respectively. in place of the 2% NaOH originally used. In addition, two 100-ml aliquots of the sample were filtered with a 0.22-µm-pore-size membrane filter (Millipore Corp., Bedford, Mass.). The filters with the deposit were transferred to two sterile McCartney bottles containing 5 ml of sterile distilled water and 2 sterile class beads 5 mm in diameter and shaken on a mechanical shaker for 1 h. One of the suspensions was divided into three equal parts and randomly allocated for treatment by Goslee and Wolinsky's methods (6) employing NaOH-NaOCl, 4% NaOH, and 4% H 2 SO 4 respectively. The second suspension was treated by Engel's method (3) using 3% SLS and 1% NaOH. The highest net number of positive samples and the highest number of strains were obtained by Engel's method on LJ medium at 37°C (7/13; 14 strains) ( Table 2) . Though Engel's method on LJ medium at 30°C and Falkinham's (8% NaOH) and Goslee and Wolinsky's (4% H 2 SO 4 ) methods on LJ medium at 30°C and at 37°C yielded the same number of net positive samples (6/13), the number of strains was highest for Engel's method (11 strains), followed by Falkinham's method (10 strains) and Goslee and Wolinsky's method (9 strains). The Kappa test gave an almost perfect agreement between Engel's method and Goslee and Wolinsky's method (K = 0.84). However. on the basis of overall performance, Engel's method on LJ medium at 37°C and Falkinham's method (8% NaOH) on LJ medium at 37°C were selected for further evaluation in a second set of experiments.
In the second set of experiments, Engel's method and Falkinham's method gave similar results for the net number of positive samples (11/15) . The Kappa test also gave a good agreement between the two methods (K = 0.67). However, Engel's method proved to be better as it yielded more strains (21 strains) as compared with Falkinham's method (13 strains) .
Mycobacterial isolates obtained from soil and water by the different methods. All of the strains obtained from soil and water in the second set of experiments were further identified to the species level with the help of numerical taxonomic methods (15) , including the 19 tests described earlier (9). The results are presented in Table 3 . Strains belonging to eight different species were obtained from soil. Engbaek's method yielded strains of seven species and the highest number of strains belonged to M. fortuitum. Reznikov and Leggo's method and Falkinham's method yielded strains belonging to five and few species, respectively, and did not yield any strains belonging to M. chelonae subsp. chelonae, M. aurum, or M. thermoresistibile. Strains isolated from water belonged to seven different species. and the highest number of isolates belonged to the MAIS (M. avium-intracellulare-scrofulaceum) complex. Engel's method yielded strains belonging to all of the seven species. while only three. namely, M. diernhoferi, M. vaccae, and the MAIS complex, were among the isolates obtained by Falkinham's method.
Of the methods for processing soil samples compared in the Engbaek's method (2) yieided the best results. namely, the net number of positive samples, the number of species and strains obtained. and the contamination rate. Falkinham's method (1) and Reznikov and Leggo's method (12) were originally developed by these workers for the isolation of mycobacteria from soil. particularly those belonging to the MAIS complex, In the present study, Reznikov and Leggo's method, with inoculation on LJ medium and incubation at 30°C, yielded negative results in 11 samples which were positive for mycobacteria by some of the other methods. It also yielded a consistently lower number of strains as compared with some of the other methods. Falkinham's method (1) gave very high rates of contamination. even with higher concentrations of NaOH when used on LJ medium. Though the contamination rate was lower when FSM (5) was used, the net yield was low. Gangadharam's method (7) originally used for sputum samples. performed poorly when used with FSM. On LJ medium, the number of strains obtained by this method was much lower than with the other methods. For water sampler though Falkinham's method (4) and Engel's method (3) were equally good according to the number of positive samples. the latter method proved to be better according to the number of species and strains obtained and the contamination rate. Though the number of strains of mycobacteria obtained by the methods of Goslee and Wolinsky (6) was lower than that obtained by some of the other methods. the 4% H 2 SO 4 method gave good results for the number of samples positive for mycobacteria
The results of this study indicate that 3% SLS used in combination with 1% NaOH is suitable as an effective decontaminating agent for the isolation of mycobacteria from soil and water in this region. Since the combination requires the use of only a lower concentration of NaOH, the bactericidal effect of NaOH on mycobacteria is probably reduced. Reports by Sula (14) and Langerova and Taquet (8) confirm this finding. This could be one of the reasons why more strains and more species of mycobacteria were obtained when NaOH in combination with SLS was used as in Engbaek's method for soil and in Engel's method for water than when NaOH alone was used as in the other methods. SLS, being a detergent. may also allow for easy homogenization of samples, thereby permitting effective decontamination even with lower concentrations of NaOH.
The present study also showed that treatment with 1% cetrimide is an effective procedure for retrieving pure cultures of mycobacteria from cultures initially positive with contamination.
